By RICHARD C. BARTH

The Development of Wa,ge_ and Price Relationships for
Long-Term Econometric Model

IH Septeraber 1985, work was begun
at Hervard TUniversity by Lester
Thurow - on  the development of an
sgonometric modal designed to provide
" long-term projactions of the U.S, scon-
vy snd to aid in the forplation of
fiscal policies. Finsnical support was
provided by the Interagency Growth
Project through a ressarch contract
with the Bureau of Economie Analysis
{formerly the Office of Business Eco-
nomica). A progress report on that wark
wags published sz “4 Fiscnl FPolicy
Model of the Unitad Statas,” by Lester
(. Thurow, in the June 1980 SurveY
or CoprzNT Brsmess.

Sinee then, the model formulsied by

Thurow has been extensivaly tested and

modified, but it rofsins ifs originel
festures of relative gimplicity and sm-
phagis on Federsl fiseal policies. The
modified model (rafarred to in this arti-
ele ss the BEA long-term modell s
earrently being used to make long-term
projections of GNP and its components.

Heeeuze of the emphasis on simplicity
in the design of the original wmodel,
severnl important economic variables
wera treated at a highly appregative
lawel, compared to their treatment in
other econometric models, and other
variables that are ususlly trested as
being sirmultansously determined with-
in the economic system represented by
the econometric model were assumed

- t0 be exopenous.

Two ke varinbles in an anumamc
model of tha aggregate economy are the
price lavel and the ageregate wage rote.
In the otiginal Thurow model, prices
ware exoganous and there was no eque-

Nore.—A version of thia article was de-
Mversd at the Amerlenn Etatiztical Aseneiation

f;?i'nzl.ml Meetings, Montrezl, Canadn, August

tion for the wage rate. Thare was an
equation explaining employes compen-
sation thet was not sp much & be-
havicral relationship based on theorei-
ioal considerations as & cortelation of
the movements of broad aggregates,
since employes compensation was de-
terminad by okserving itz relatively
constant ratic over time to national
inceme.t

‘Fbis treatment of empleyee compen-
sation did not @eate a problem in the
aTiginal version of the model since the
only variable directly affected by em-
ployee compensation was socisl security
contributions. Employee compensation
did not interact at all with the supply
side of the model. However, when the
modsel wes modified so that the income
ond supply =sides interacied aimul-
taneously, the reliability of the em-
ployes compensation equation became

. imporéant.

Thus, & naturel extension of the
nwdel is the development of a be-
havorial equation for compeosation.
Adopiing the theory that prices snd
wages are simultsneously determined,
an equation for the prica level is also
developed. This article reporss on prog-
ress in the develepment of the com-
pensation snd price equations.

A tbres aquation mecdel is daveloped:
an Equatmn explaining the percent
change in employee compensation per
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man-hour, snd two price relaticnships,
the firat sxplaining the lewsl of the
implicit: deflator for pross private prod-
uct and the sesond explaining the per-
et changa in the irnplicit deflator for
personal comsumption axpandlturaﬂ

Ths perecent changs i emplnyaa
compensation per man-hour i= ex-
plained primarily by two factors: de-
mand pull, measured by thé unemploy-
ment rats, and the axpected rats of
price cha.nge, measurad by the percent
chsnge in the current peried in
the perscnel consumption expenditurss
deflator,

Tha percent changa in the personal
consumption deflator, needed for the
compengation squation, is explained by
& simple ecorrelation with the percant
changs in the gross privete product
deflator, and that deflator is explained
by making it & function of vmit labox
coets and = demasnd verieble, the unp-
employment rata,

Dgvelopment of wage-price relation-
ships for the BEA long-term maodel
gterted with an examination of wage
behavior with reapect o the unamploy-
ment rate, as in “Phillips eurve"
apalysis. George Perry’s findinge con-
carning the effects of changes in labor
forca ecomposition® wers incorporatad
and tested, and a test was alsp mads of
a form of the price expectations hy-
pothesis ueed in several recent studies?

T Oedge I Pory, “Infietlon and UnemPorseant,” 1o
Sapinzs and Rabisatia! Flateng: 070 Canfprenc: Pracsed-
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Wage Relationships

The theory of wage determinagion

uped hers 2s. & basis for statistical
estimation explains wage movements
primarily by two forces: demand pull
snd the expected rate of price change.
Additional explanatory veriables, as
explained below, are slso hypothesized
to affeci wage determination.
. Demand pull 2 meagured by a form
of the upemployment rate and the
expected rate of price change is
measured by the actual observad rate of
changa. of & price index of consumer
purchases.

A censideration in choosing the vari-
ables o be included in the wage
equation wnz the desire to minimize the
number of additiensl exogemous varni-
ables infroducad mte tha model. Tha
besic wage equation explains the per-
cent changs in employss compensation
per man-hour by -the reciprocal of the
unemployment rate, the parcent change
in the deflator fox personsl consumption
expenditures (PCE), the percent changa
in s corporste profit rate, the percant
change in employes asnd esmployer
social insuranse contributions par man-
" hour, snd the percent chanpa in a
variable rapresenting indvstry  mix.
{The precise defimitions of these wari-
ables sre presentsd below, undsr the
heading “Daefinition of variables.”) The
oply varinble exogenous to the modal
that is added in this formulation is the
variable that measures shappe in the
industrial composition of employment,
Socisl insurance contributionz and the
corporate profit rate are endogenously
determined in ¢he original model, and
tha defletor for personsl consumption
expenditures is the dependent variabla
in one of the price equations developed
in this skidy.

The wnemployinent rate is used as a
messure of demand for labor. The re-
ciprocsl of the rate is spacified to aliow
for the nonlinsarity of the relationship
hatwaen wage changes and unemploy-
ment (a relationship that has generally
been hypothesized to be convex to the
origin when the rate of wnge chonge is
plotted againgt the unemployment
ratal.

The percent change in the FPCE
deflator is usad 25 a measure of axpec-
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tations of future price changes. Usa of
only the current value of the variabla
(i.a., change from the previoue to thae
- purTent y4ar) rapresents the assump-
tion that price axpectations are based
only on current, not lagged, price move-
menta® The consumer prine index
{CFI} ie the variable most frequently
uead in messures of price expectations
in wags sguations. Howerer, its use
hera would present & problam in inte-
grajing the wage-price sector into tha
BEA long-term model. The planned
dependent wariable in the main price
equation is the private GNP deflator,
and the PCE deflator is battar corre-
Inted with it than iz the CPL. This
consideration, plus the need for the
PCE deflator elsewhers in tha model,
makess it preferabls to use the POE
deflator rather than the CPI in con-
structing the price expectstions vartable.

The percent change in the profit rate
is used a3 » measure of change in
employers’ ability te pay wage in-
crenses; or aHernatively, it can he
viewed B3 & measare of productivity
change.*

Tha percent change In social insur.
ance confribuntions appesrs es an ex-
planstory varisble because such
contributions are mcladed in the com-
pensation measure that is being ex-
plained, ond have shown marked
variations over time becsuse of chanpes
in soeinl ipsurance tax rates b

Sipse wage levels as well as rates of
wage chaoge vary among industries,
the ideal approach waould be to estimate
geparate industry wage equations and
then agprecate. Instead, as a simpler
procedurs an indwstry ehift variable
has been included, Since compensetion
per man-hour is relatively low in the
servica industries and since there has

4 Thi anenmptlon ls coneletent with Oocden’s Anding
aspg o guartacly deie, chal price sspectaikrg ot messgmd
by 2 dbttr bobed 188 of ¢ hitydes in the TFTare nek infeson)
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baen continving empleyment shift to
these industrias, the percent changs in
the ratie of emaployment in the sarvise
indastries to total employment i used
25 the messure of changes in industry
mix. Since tha modei is eatimated on an
aponus] besis, 8]l data for estimation are
on, an annual basis. Percent changes ara
caleulatad from the previcus yesr.
Several lag pattarne on the explaps-
tory variables were tested, expecielly
in the conatruction of the prics expec-
tations veriabla, hut none of the lagred
variables had a significant coeflicient
and [reguently the signe were wrong,
These results contrast with most pube
lished quarterly reswlts, where lags,

“especiglly In the price expectations

variable, have significant ceefficients
ond the expected sign. It iz not un-
reasoneble, however, for explanatory
variable lags of & year or more ic have
no effest on the dependent variable in
the annual equetions estimated in this
study.

Atternative specifications aof lnbor
deritand

Perry's hypothesis, referred to pre.
viously, is that an unemployrent rete
waightad by eomposition of the labor
force, and tha dispersion of the unern-
ployed, provide a better mersura of
lnbor demand conditions for explaining
waga change than does the conventional
unampioyment rata.” To test this, aav-
eral regressions ware run with these two
variabiea substitutad for tha unemplay-
ment rate.

A weighted unemployment rate TT*
wes calculated for each year using
Ferry's definition, and the weights (I,)
cgleulated by him: *

7. Fut & Heoration]l basts for Ferrr's disperdon hypotbeds
mes (3. O, Architald, "The Philllps Corve atd The Diztd-
tmtion o Tosmpleymeot,” Amoirs Frowataie Ranloo, May
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Anguat 1072
LV
I.;I‘*z .-.'L:
whare:
T, is the weight for the i* age-sex
claag, '

V, is the number In the i* age-sex
“class who sie unemployed,

L, is the numbsr in the i** age-sex
clras wha are in the lebor foree,
and the summetions are over all
age-sex classes.

A messure of unemployment disper-
sion DTJ* was calculaied for each year
using Parrjs definition and the sama
data used in calculsting the welght.ad
unemployment ra.tua &

1LV, ILL
STV LI

with the summations aver all age-sex
olusass:. This messurs iz the sum, over
all ags-gax classes, of the differences
{without regard o sign) between the
shars of a class in tota! unemployment
end its share in total tabor force; all
,data sre weighted by the weights (1;}
dascribed abova. Perry’s results showed
that tha pressure on wages would be
greater us the walue of the dispersion
measure increased.

9. Pury, i p $30

L el
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Plan of work

The plan for’ det.ermmmg the Wagze
eqiation to incorperate into the BEA
lnrng-trarm model] was first to tost equa-
tions using single equation estimating
tackmbgues: then, having selected B pre-
forved aquation’ on the basis of thoss
togts, to estimate - the equation for
inclusion into the mods], wsing simul-
taneous equation techmiques. The final
step was o mimulate the period 1948
1062 nzing the maodel ineluding the new
compensation equation, as well as the
new price aquations develoyied im this
article, and to compars these simmletion
results with those ohtained prior to the
equation changs. (The simulation re-
sults presented at the end of this
arficle are for simulations intluding not
only the compensation squation selested
for the model but also the two price
equatione developed in thiz article.)

Definition of variables
: Private employes compensation par
man-hour.-

U: Reciprocal of overall unemploy-
ment rata (percent).

T*: Reciprocel of weighted nnemploy-
ment raie; calculation of weighted
rate is described in bext.
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DT*: Messwre of unemployment dis-
- persion; caleulation iz described in
taxt.

Py: Implieit price deflator for personal
consumption expenditures {1958
100).

Pz Consumer price index {1958=100).

P;: Implicit price deflator for gross
privata prodect (1958=100).

N: Ratio of after-tax corporate profits
6 previous year’s gross stock of
nonresidential fixed capital in 1958
dollars.

8: Ratio of employer, empioyes, and
self-employad  contributions  for
OASDHI per man-hour.

I: Ratio of the Avaraga number of
employesz (both full- and’ paré-time)
in service induvsiaiez to the average
number of full- and pari-time em-
ployaes in the totsl private economy.
{Service industries sre those defined
a8 “Services” in Stendard Industrial
Classification Manwual, 1972.)

Dy: Dommy variable for Eorean War
Period; equal $0 1 for 1951-53.

Table 1.—Equations for Change In Compeneation Per Man-hour
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D.: Dummy varisble for period of
wageprics “‘guideposts”; equal to 1
for 1962-56,

TLO: Urit labor cost (ratio of privete
smployes compensation to private
GNP in 1958 dollars).

Percent change from previous to
current yesr is denoted by » dot over
the variable.

Eatimated eguations

Tuble 1 shows resilts of fitting various
epecifications of the wage - equations.
The dependent varinble in sach case is
the percent changa in conpensation
per manhour. Eguations (1) theough
(6) were estirmated for the period
194870 those which seemed to give
the best results were then estimated
for the period 1948 68, which is the
period currantly used for all other
equations in the BEA long-term model.
The equations estimated for 1948-63,
numbers (7) through (10}, were then
nzed to forecast values for 1969 and
1970. This foracast provided another
priterion on which to seloct o finel
equation specifieation for two-stage
least sguares ssimation. The specifi-
cation finally seleeted is the one
showr as (4) fitted to 1848=70, and as
(9 fitted to 194368,

Equation (i) incorporates Perry's
hypotheses. The fit iz very good but, the
coefficient of the disparsion variahle,
DU, has the wrong sign and i not
statistically significint. Neither of the
dummy variables, one for the Korean
War peridd in which thers were wege-
pxice controls, the other for the 1962-86
“ouidapost” period, has a significant
coafficient.

BEquation (2} is the same as {1} but
with the dummy varizbles omiited. Tha
fit is good with all goefficients having
the expected sign except that of DU+
which i sagain nogative and not
sipriifieant.

In equations (3) and {4) the vardables
U* and DE™ are replaced with the con-
venilonal unemployment rate. The co-
efficisnts of the dumyoy varishles used
in (3) are apnin not significant but the
coafficients of all other variables in both
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aquations heve the expected sign and
are stetistioplly sigonificant, .

In ench of these equations the coefli-
ciemt of the pwice expectations varinble
i3 above 0.§. This value is much higher
than those raported by most other
studies,” slthough it does not support
the accelarationist hypothesis since it is
lees than one. The high value is entiraly
due to the use of the PCE ddfiator
rather than the CPI; this can be seen by
comparing equations (2) and (4) with
equations (5} and (6), where the only
diffsrenss is the substitution of P, for
P,.
Since equations (2) snd (4) provide
aquelly good explanations of the de-
pandant varisble, they wers both re-
estimated for the 1948-1962 period and
appear s aquationz {7) and (9), re-
spectivety. Forecast errors for 1069 and
1970 are shown for these squetions.
The errors sva celevlatod for beth
years using actual values of the inde-
pendent variables. The equations over-
predicted i both wesrs; i.e., the actual
change in compensation per manhour
wes gmeller - than vredieted by the
equations. Equstion (8), which in-
cludes the weiphted unemployment
rete but axeludes the dispersion index,
waz alao estitnated for the peried 1948-
& and errors were caleulated for
1949 and 1970,

‘Equation (9} is marginally beiter
than (7} or (R) in terms of fit end fora-
cast, and it zlse avoids the infro-
duetion of additional exogenous vari-
ables, comparad &0 (7) and (8); thus,
f4) was selected for estimation by the
two-stage least squeres method. The
result is shawn as equation (10).

The two-stage lenst squeves pro-
codure iz uwsed fo circumVeni =onil-
tapeons equation biaa! Two of the
right-hand-side variables in the eque-
tion, T snd §, are determined eimui
tanecualy in the madel with the per-
cent changs in employes compensetion,
the dependent veriabls. In twa-stage
least squawes estimation, the actwal

Ik, B o Govdog, ep. 8 D 7, and Peny, “Dhinglop
Latyor Markein and Intstien " op. of., D 425

11, Forasempiets drocsion of wena] bunecos squation bies
Io oodimry st Bquinres eFtbaetion, and a0 scplimetdon of
tnrgpbage st aquaess, sa0 4 8 Goldberger, Econamalric
Thaory, Mlew York: John Wikr and Sons, 190a, pp 2-2H
sl P R-35E

Aupnat 1972

values of I and 8 are replaced by
values compuléed for them from or-
dinary lesst squares Tegreasions applisd
to the reduced form of the complate
BEA long-term model. Comparison of
equations {9) and (10 shows that
coefficients estimaied by the two-siage
precedure are very close to those ee-
timated by ordinary lesat squares.

Since none of the aquations presented
here ghows the weightad nnemployment
rete together with the dispersion. meas-
urs to be superior to the conventional
unemployrment rate in the explanstion
of wage change, a further direct com-
parieon wus made, consistent with
Perry's reported squations.’* Two equa-
tions were estimated, idantical except
for ths unsmployment concept. The
profit yate iz omitted from the explana-
tory waxishles becanss it ia not included
in Perry’a represgions. The interindustry
shift variable is included, however, gincs
Porry adjusted his dependent wariable
to take account of employraent shifts
wmong indusiries. Using symbols al-
ready defined, the regression resulta for
104870 are:

(a) C'== 2,174 546 P, 12 42 TU*
(1.94) {5.63) (3.08)

—. 0287DU* 4. 0439 §
(1.13)  (2.94)

—.anad
(3.42)

Re=.58,DW=2, 45, 5EL =, 764

) G= 1.40+. 522 B.414. 87 U+
{1.18) (B.10} (3.36)
04825 - 452 |
(3.23) (3.54)

R'=.50,DW=2. 47,5EE=. 750

By the usval measures aquation ()
would not be considerad auperior in
any reapect to equation (b). This find-
ing differs substamtislly from Ferry's
finding that U* provides more explana-
tory power than V. Perry’s study used
quarterly data; howaver, since changes
in labor force composition oceur only
gradusally over time, this faetor, i
relevant, should retsin ita explanatory
power in ap snnual compensation equa-
Hom.

1L By, “Cpuonging Laber Markets and ToBstion,” ep,
ol Pl ’
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Price Relationships

To close the wage-prica secior it is
necessary to develop an equetion ex-
plaining the implicit deflator for per-
sonel consumption expenditures. The
price deflators for all major final demand
components a5 well as the deflator for
private GNF are required by the BEA
long-term modet. Two methods of mek-
ing thess prices endogencus are avail-
sble: (1) the component deflators can
be estimated uwnd then aggregated to
derive the gverall deflator; (2) the gver-
all deflator can be estimated first and
the comyponent deflators can be based
on it by mesns of simple regrassions.
Method (2) will preducs ene more
equation than the number of deflators
to be dstermined, since the overall de-
Hator is & weighted nverage of the
somponents; this problem of overde-
termination cen be solved by replacing
the inital value of the private GNP
daflator, a5 calculated from its aguation,
by the waighted averags of the compo-
nant defletors. Becauss method (2) is
considerably easier from the poind of
view of staiistice]l estimation, it was
salected.

The relationship hypothesized to ex-
plain the private GNP deflator iz that
it iz & mark-up over unit labor sost, with
the mark-up varying as aggropate ds-
mand fluctuates. V

In the equation nzed, unit labor custs
have a dalayed effact on prices, reflecting
transmigsion lags, while Suctuations in
aggregats demend, ns messurad by the
unsinpleyment rsta, are assumed to
affact the price leval concurrently, Since
the model is estimated with annual data,
& lag of one period means = lag of one
year. The equation, fitted to annual
date for 194868, is:

(11) Py(t)=16.4+
(8. 2)

172, 5§ ULC(t—1)—1. 286 TI(t)
(34, 5) (4. 4)

Ri=. 98, DW=1.34,8EE= 1.43,
numbers iy parenthesas are t ratios.

13, ‘Thia yrpattvests oo b Ssovmy Lo L sausiaiane with che
farm, of the peodnelian. (unotion epeciliad ssewhers ju the
BEA long-twnm mod.
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Tha. coelicients of both explanatery
variablea have the sxpected sign and
are significent. The elesticity of the
private GNF deflator with respect to
unit labor costs, caloulatad 84 the vari-
able mesns, is 0.0, This seems to be in
line with previously reported elsstic-
ities,!* but the fact that it is Jess than
unity implies s glipght increnss in lahor
share over time. Forecest values of the
privets GNP deflator for 1969 and 1970
are 1236 and 1299, respactively, an
underpradiciion in both years. The 1969
foracest error iz (.7 index point and the
1970 error iz 0.4 point.

The -estimated equation tying the
defiator for persocnal consumption ex-
penditures (P) to the private GNP
deflator (P}, expressed in tarms of
percentage changes and fitted to annual
date for 1948-68, fs:

(12) P=. 124 4. 857 B
(1.49)(22. )

Fi=. 97, DW=1. 80, SEE= 31;
numbers in parenthezes ore t rTatios.

The wariables have been defned pre-
viously. The aquation was corrected for
serial correlation by the Cochrane-
Orcutt procedure

Forecast velues for the PCE deflator
wexe celowdated for 1245 and 1870,

L. Far exempde, B. I. Garden (o Y'Imflation in Recstton
wil Bewvery'™ DOreghiaqn Papere o Ectvimde Actinily
D07, P LW, Daparts an asbialty maiuse of undty on
undt Taber conk,

18, Fur o Gotixiipivan of Lhiz procedure, 308 T2 Coohaune end
G H. Oroutt, “Application of Lesst Squsces Regressiony (o
Ralationdihpd Contalolng Autsowrrelated Hrzor Termd™
witrmal of ity Arwricen Seplrical A seckafion, vol. M, Mok
1844, po. 32-62.
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using the actual value of the independ-
ent vexriable in both years and epplying
the predicted percent change to the
actual value of the POE deflator in 1968
end 1969, respectively. The 1968 fore-
cost Tmplied o PCE deflstor of 123.4
in thet year, comparad to an actual
velua of 123.5. The 1970 forecast -
tmplied o POE deflator of 120.1,
compared to 129.3 aotual,

Simulation Results

Equetion (10), the two-stuge eosi-
mation of the preferred compepsation
equstion, and the equedions for the
PCE end private GNP deflators, were
used with the full BEA long-term modal
to simulate the complste set of endog-
encud variables for the period 1043-08
wnd to forecast these variables for 1960,
Apnual sbsolute errors between esti-
mated and sctual valuas of some of the
endogesnovs variables were then celeu-
Inted and compared with errors calou-
lated from a model simulation for tha
eamne time period befora equation {10)
waa substituted for the compensation
equation previously wusad and befors
the addition of the two deflator agua-
tions. Average amnusl absolute errors,
caleulated as percentages of actual
valuss, ara shown o table 2 for simula-
tion before wnd after the incluwesion of
equations (10) theough (12).

The increased error in simulating
nenresidential fixed investment can be
traced to & poor corporate profits
equaton. Simulations of both private
GNP and personal consumption oz
pendifures show improved results, the
lattear resulting from . significantly

Table L =—Slrmulztion Ermrors

aaaeeee——————

o el e g
Varlalle
S5t R
u{ 09

Gross privats Drodoct (LE284) AL A e mEA o n R RE—ARAEn LT 1.4
Wemeagpdlentind Tmad Pwertnamt (Y .. o e ey remin s m———— L1 L8
Fermoal conammrtion erpeny dletrel (HEBEY . maa v oo e en e e ] L™ Lo
Diupmahis perses] oo (983 . . . oo ceeees va e — - LA [ X.]
FPrivats dmployes ComAnesN. .. o ravae e e e wm e w e g e Le LT
POE i e e e e o . i Lé
Privats GNP deflskor. . R ke e - . 4 ] L1
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emaller error in.. disposable personal
insome. . All thrae new equetions per-
form well.. However, the 1980 foracast
axror for the POE deflator is larper in
thae fuh model simuletion than whan
the forecaat is made by single equation.
Tha PCE deflator forecast by the full
model for 1989 is 1247 compared o
123.5 actual, Using the full model,
the forecast of the private GNP
deflasor is 124.8 in 1989, compared to
so actual value for that year of 124.3.

Summary

A three-equsation madel of ihe wege-
price sector has been developed and
integrated into the BEA. long-term

SURVEY OF CURRENT BUSINESS

model: Chanpes in the ypemployment
rate pnd in the price expectations vars
isbie were found to have the jarpest
impact: on changea in compensation
per maphour. Although the value of
the coefficient of the price expectations
variable in the cowpensation equation
.is high, there does not seem io be
suppert for the accelerationist hypotha-
gia.” Neither labor fcrce composition
change nor . dispersion of the unem-
ployed over age-sex classes provides
additional explenatory power  for
changs in compensetion, contrary to
reécant empirical work. The coefficienis
of lagpad unit labor cost and the
current unemploymeni rate in the

Angost 1972

aguation for the gross private product
deBator were significant, snd thic
formulsation of the markup hypoikesis
produced & good fit over the sample
period. )

The wage sad price equations were
integrated intc the BEA long-term
model and the model was simulated .
for the semple peried, o make error
comparisons of that simulation with a
gimulation made without the new
equations, Tha results are encouraging,
but work on evaluating forecast errors
beyond the sample period must be
carried out fo evaluate fully the
contribution to thé model of the new

" relatipnships.




